novel cardiac syndrome comprising transient left ventricular dysfunction with chest symptoms, electrocardiographic (ECG) changes and minimal myocardial enzymatic release has been gradually recognized worldwide [1] [2] [3] [4] [5] and is known as takotsubo cardiomyopathy in Japan because the end-systolic left ventriculogram resembles a "takotsubo", which is a pot used for trapping octopuses. Patients with takotsubo cardiomyopathy have a favorable prognosis in general, because the left ventricular dysfunction is usually transient.
no significant coronary artery disease, but left ventriculography showed akinesia of the mid-to-distal portion of the left ventricular chamber (ejection fraction =38%) (Fig 2) . We diagnosed takotsubo cardiomyopathy. She had congestive heart failure that required intravenous furosemide. Creatine phosphokinase increased to 613 IU/L 20 h after the operation.
Follow-up echocardiography 2 months later showed persistent akinesia of the mid-to-distal portion of the left ventricular chamber. Serial ECG showed resolution of the ST-segment elevation, but there was not deep T wave inversion under ventricular pacing.
Case 2
A 77-year-old woman with hypertension and diabetes was admitted to hospital with dyspnea on effort. She was conscious, her blood pressure was 140/80 mmHg, and pulse rate was 30 beats/min. Her hematological test results were normal, and chest X-ray showed no pulmonary edema or cardiac enlargement.
A 12-lead ECG showed sinus rhythm and complete atrioventricular block at a rate of 30 beats/min (Fig 3) , and echocardiography showed normal left ventricular function (ejection fraction =75%) (Fig 4) . She also received a dualchamber pacemaker under local anesthesia, with the pulse generator located in the left pectoral region and the 52-cm and 58-cm bipolar leads positioned in the right atrial appendage and right ventricular apex, respectively. No complications occurred during the operation.
She had no chest symptom immediately after the operation, orthopnea developed 3 days later, and the ECG showed significant ST-segment elevation in leads V2-6. Echocardiography showed akinesia of the mid-to-distal portion of the left ventricular chamber (ejection fraction =27%). She had congestive heart failure that required intravenous furosemide.
She was re-admitted with orthopnea 3 months later. Coronary angiography showed no significant coronary artery disease, but left ventriculography showed persistent akinesia of the mid-to-distal portion of the left ventricular chamber (ejection fraction =22%). We diagnosed takotsubo cardiomyopathy.
Follow-up echocardiography 4 months later showed persistent akinesia of the mid-to-distal portion of the left ventricular chamber. Serial ECG showed resolution of ST-segment elevation, but deep T wave inversion under ventricular pacing did not occur.
Discussion
There are several complications of permanent pacemaker implantation, such as dislocation of endocardial leads, infections of the generator and/or leads, and skin ulcerations. 6 Perforation of leads and cardiac tamponade are very rare, but fatal. Based on our case reports we consider that takotsubo cardiomyopathy is a possible complication of permanent pacemaker implantation.
Since Sato et al first reported takotsubo cardiomyopathy in 1990, 1 several clinical features have been identified. [1] [2] [3] [4] [5] Most patients are women (range, 82% 3 to 100% 5 ), and the mean age is 62 4 to 74 3 years. In addition, patients often experience emotional or physical stress antecedent to the occurrence of takotsubo cardiomyopathy. In the present cases, acute stress during the operation may have precipitated takotsubo cardiomyopathy.
Although the precise mechanism of takotsubo cardiomyopathy remains unclear, several possible mechanisms have been proposed, including multivessel epicardial coronary spasm, 2 microvascular coronary spasm 2 and catecholamine-mediated toxicity. 5 The striking predominance of women suggests that sex hormones may exert an important influence. 7 The most interesting finding of our report is the persistent akinesia of the mid-to-distal portion of the left ventricular chamber, although the precise reason remained unclear. Previous animal studies have shown that ventricular pacing can cause myofibrillar cellular disarray, dystrophic calcifications, prominent subendocardial Purkinje cells and an increase in variable-sized, disorganized mitochondria. 8 Thus, one possible mechanism is that ventricular pacing-induced histologic changes are associated with persistent left ventricular dysfunction in takotsubo cardiomyopathy. It was recently demonstrated that ventricular pacing can cause left ventricular mechanical dyssynchrony and subsequent remodeling, 9 so another possibility is ventricular pacing-induced mechanical dyssynchrony.
Another interesting finding was that the ECG showed ST-segment elevation during the early phase, but without deep T wave inversion during the follow-up under ventricular pacing, which is opposite to previously reported ECG characteristics. We consider that the lack of deep T wave inversion may be a maker of an adverse outcome in takotsubo cardiomyopathy. Regrettably, we did not obtain ECG recordings after pacemaker implantation under the patients' own heart beat.
Cardiologists should recognize that takotsubo cardiomyopathy is a possible complication of permanent pacemaker implantation in elderly women. Because it is impossible to predict the occurrence of takotsubo cardiomyopathy, cardiologists must pay attention to ECG changes during and after the operation. It remains unclear whether anxiolytic medications immediately before the operation may help to prevent the occurrence of takotsubo cardiomyopathy.
